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ODbjectives

Analyze specific mortality rates to characterize sickle
cell trait as a risk factor for exercise-related death.

Examine factors important to prevent EHI among all
recruits.

Interpret results of a controlled prospective
Intervention to prevent EHI on exercise-related
mortality for recruits.

Provide practical recommendations to reduce exercise-
related death In young adults with or without sickle
cell trait.
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Formation of deoxy-Hemoglobin S
Polymers

e Deoxy Hb S polymer forms more rapidly
with hypoxemia, as Hb concentration
increases - [Hb S]*, acidosis, high
temperature, high BPG

» Relevant to high risk for specific sites:

arterioles In the renal papillae, vessels of the
spleen

e EXxercise produces hypoxia, dehydration,
acidosis, hyperthermia, and increasing BPG



Sickle Cell Trait

Hb AS genotype. Hb S <50% (SS, SC, Sbeta-thal : Hb S
>50%)

Median Hb S is 42%, (33%, 26% for Hb AS with 3 or 2
alpha globin genes)

Normal CBC with no anemia, hemolysis undetectable

Microscopic sickling significant in the loops of Henle of
the renal medulla, occasionally in the spleen, and in the
drainage of vitreous humor post-trauma

Reversible sickling is detectable and increases during
exercise.

Large population studies show normal survival and slight
Increased admission for hematuria



Clinical Complications Proven to Be
Assoclated with Sickle Cell Trait

Age-related loss of maximal urinary
concentration, episodic hematuria, mild increase
In UTI of pregnancy

Altitude & exercise related splenic infarction
traumatic hyphema

Renal medullary carcinoma

? reports of increased VTE: Heller ’73, Austin ‘07

unexpected exercise-related death in recruits
and young athletes



ExertionalliHeat Iiness (EFI)

Muscle metabolism: 20% work and 80% heat.

Heat Is removed by water w sweating (conduction,
convection, evaporation) w water & electrolyte loss.

Blood flow to muscle and skin increases while visceral

flow decreases. Shock & gut and kidney ischemia may
result.

Muscle & liver necrosis: like tumor-lysis syndrome.

Acute renal failure due to myoglobin-induced ATN,
hyperuricemia, hypo-perfusion.

Hyperthermia causes non-focal encephalopathy.
Tissue injury induces inflammation and DIC.



Major Fatal Syndromes of EHI

 Rhabdomyolysis. Acute necrosis of muscle (or liver).
Similar to Tumor lysis syndrome. Myoglobin and skeletal
CK are markers. Initial Rx is aggressive alkaline hydration.
Treat electrolyte imbalance, ARF, occasional
hypoglycemia. Hyper-K+/hypo-K+, acidosis common.

e Heat stroke. Non-focal encephalopathy w hyperthermia,
rapid response to cooling and hydration. Shock , Seizures,
coma.

e Acute renal failure. Provoked by early salt intake.
Hydration w alkaline saline, prevent myoglobin related
ATN, monitor and correct metabolic problems



THE SPECTRUM OF EXERTIONAL HEAT ILLNESS

Heat_
Hyperthermia Exhaustion
Dehydration Shock
) Renal
Nephropathy Failure
Cell Lysis Rhabdo-myolysis
Encephalopathy Heat Stroke

Moderate Severe

>



|deal Eeatures for Stuay: of Unexpected

EXercise-Related Deathsiin Young Adults

Enumeratedidescrinoed population; of
at least a million exercising people.

All deatiis studied by autepsy: Wi/ e restriction te
sudden deatih (requiring life-suppert w/in
ene hour).

All' deaths with adeguate data: PMH,
eyewitness aceounts, clinicall records; full
autopsy, toxicology, Review: by CV,
Eorensic sulbspecialists; Trraining conduct.

Body temperature and lan tests for
rhalbdemyolysis/ARE.(5% of sudden death).



IHemoeglohin' S andl Rates| off Exercise-Related
Deati Unexplained vy Preexisting [Disease

37,500 429,000
13 S}
221 7.6

Relative Risk = 30

(95% CI = 11 to 84) (p-value <10:°)



Sickle Cell Trait as a Risk Factor for
EXercise Related [Deatinamonal Recruits

244 6.6 26

221 7.6 30



EXercise Related Death i Civilian
Versus RecrultPepulations

*(PD Thempsen. Riiede Isianadljeggers:.
JAMA 247:2535-8) 1982)

15.1 0125
.7 0.08

244 2.4



Exercise-Related
Deaths of Recruits

Deaths unexplained by

pre-existing disease
*Rhabdomyaelysis w/o heat stroke

sHeat stroke w/ rhabdemyolysis
sHeat stroke alone

s|diopathic sudden; death

Deaths attributed to
pre-existing disease
eSudden cardiac

sNon-cardiac

13 15
4 1
3 4
0 2
6 8
1 12
1 10
0 2



EXercise-Related [Deaths 1inr Recrult Entry
IFraining for 197 7-1961

1. 55% ofi cases were fatall EHI: mainly with nen-
sudden deati i renal fanure

2. 459 off cases were Idiepathic sudden death
(IDS)i 1 cardio-pulmonary. arrest.

3. TThere was no difference in clinical picture by
nemoglobin phenetype.

4, Analysis off 35 cases of ERD with Hib AS:
17 sudden deaths: 9 Rhab™ 1 HS. 6 ISD.
18 non-sudden deaths: 13 Rhab’ &
4 HS + Rhbd.



Common Characteristics of the Exercise-
related ldiopathiic Suadden; Deatis

Miest deaths were: related to 1-3 mile runs
(Sustained high metahoelic activity).

Most Were during summer months early: inthe
morning at a WBGI heat Index <75°F.

Ihere wasi selden significant heot Wweather by
conventional standards (>85°F), although some had
exposures from 75 to < 85°F during running.

Perhaps prior-cday and same-day heat exposures
contribute to unrecognized fatal EHI. Perhaps seme
Present as idiopatnic sudden death.



Wet-Bullb Glebe Tremperature Index

The WBGH Index takes Interaccount air temperature,
AUMIdIty, radiant heat, and air Mmovement.

W= Aspirated Wet-Bulld remperature
G =i IViatte Black Glole Tremperature
DI = Dry-Bulld Femperature

WBGT Index = 0,7(W) + 0,2(G) + 0.1(D)




Epldemiclogy: off Nen-fatal EIHI:
Parris Island IMED 1979-1995

| was the Pl for clinicall elbbservational studies of this
population te improve Dx, RXx, Prevention of EHI.

Parris Island was the only: recruilt center With
consistent detailed survelllance records.

Ihe epidemiology off EHI was studied! by review: of all
cases; firom 1979-1995 fier 300,000 recruits.

All cases were reviewed with clinicians on site during
1986-1992. There were 3,000 out-patient anad 300
nospitalizedicases ofi EHI 1n our data-hase.



Rates off EFHIINW/ erwi/e Hib AS
Amoeng Parris Island Recruits 1982-1991

Observed  Population Rate/1000

Mildl & Hb AS 32 5010 6.4
Mild & No Hb S 1609 262728 6.1
Hospitalized & Hb AS 0 5010 <0010

IHespitalized & Ne Hia' S U] 262728 0.86



Comparison of Rates of Moderate EHI
with or w/o Hb AS

« Recruits with sickle cell trait had the same rates of
moderate EHI (out-patient or in-patient) as recruits
without sickle cell trait. In-patients often had periods of
high risk in the ER but seldom after admission.

« Study Limitation: These recruits received excellent early
care by an intervention capable of preventing severe
EHI. Few suffered life-threatening rhabdomyolysis.

* These results favor the view that sickle cell trait
Increases mortality of severe EHI rather than initiating
development of non-life threatening injury from EHI.



HYPOTHESIS

Exertional heat iliness (EHI)IIS a freguent risk
factor for exercise-related sudden death

s POPUILATION: 269,000 Marine Corps
recrurts at Parris Island, SC, 1979-1990.

s COLLEECT: All EHI and all threatened or:
actual sudden deaths during training. (Too
smallfor mortality as the end-point)

s CONVIPARE: Rates of fatal or serious cardio-
vascular events In these with or without EHI
and with er without Hib AS,



Spectrum of Clinical
Presentations

o Sought all types of EHI but 10/11 serious
cases had exertional heat stroke.

e Sought cases of distributive shock, life-
threatening arrnythmias, and
Ischemia/infarction. Found shock or
cardiac arrest/ including 2 w arrhythmia

 No recruits with serious events had sickle
cell trait (population to small)



Comparison of EHI and Structural Cardiac

Lesions for risk of Life-Threatening Events

There were 11 adverse CV events.

8 had EHI: 6 of these had Heat Stroke followed by shock. 2
presented as sudden cardiac arrest in asystole unresponsive to
ACLS. One had heat stroke and one had Rhabdo’ with coronary
anomalies.

There were two other deaths from cardiac disease (coronary
anomalies and myocarditis).

There was one idiopathic sudden death while swimming.

EHI contributed to 8/11 cases and silent heart disease to 3/11
cases.

These data support the hypothesis that preventable EHI is an
Important component of exercise-related sudden death among
healthy young adults.



Exertional Heat Illness as a Risk Factor
for T hreatened or Actual Sudden; Death

Cardiovasecular events 7 (2d) 47 (4d)
Pepulation at risk 137 267,000
Case Rate 5,196 0.0015%

Relative Risk 3,400 1 (ref)
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Recruit Heat lliness by WBGT Category
at Time of lliness, 7-9 am Cases
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Recruit Heat lliness by WBGT Category
of Prior Day Maximum, 7-9 am Cases
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Assoclation of WBGT level with
EHI Cases

e About one-third occurred with immediate
exposure to WBGT at least 750F.

e About 50% were related to prior day WBGT at
least 750F

e The two temperatures were not closely related.

 |f one wished to reduce events, activity restrictions
could start at lower WBGT levels.






Percent off Exercise Related Recrurt Deaths
EXposed to Supstantiall IHeat Stirress

(Same or Prior Day WEGHF = 75°F)

Odds Ratio
1
o I 7
(NI= 19) ’ |
EHI 16
(NI = 15) ’ |
ISD 9]
(N=15) ||
SCD 5
(N = 39) ]I
Control 1
(N=18) |2

0] 10 20 30 40 50 60 70 80 90 100
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Cases of Sudden Cardiac Death
with Eeatures off EHI

o REeview, off 120 recrult cases & 50
additional cases of fatal EHI with SC T

o EIght patients had hyperthermia or typical
chemicallchianges off rhakdemyelysis and a
Sulostantiall preexisting cardiac lesion.

o Caraiac stressifirom: EHI caniproveke fatal
complications; due: ter preexisting leart
dISease.

o SUCH deatins might loe: preventanie.



HYPOTHESIS

Effective intervention te prevent EHI will reduce
exercise-related deatis, especially i recruits w/ SCT

s POPULLATION: All'military recruits entering in
1977-81 letore (2.1 million ) and in 19682-1991. during
Intervention (1.8 million participants andl 1.1 million
non-participants).

o DATA: Information on all exercise-related deaths
during training and determination off catise of death,

s COVIPARE: Exercise-related death rates and
estimates of lives saved In the intervention and non-
Intervention Fecruit pepulations.



Intervention for Prevention off EHI
DUrng Armed Eorces Basic Irraiing

Inithe Hot Season, Drill instructors would:
— record WWBGT at least hourly at the exercise site

— decrease exercise Intensity and increase rest cycles as WBGT
rises, to minimal effiort at 90°E

— 0order Increaseadiwater intake & 0lserve water consumption
— exercise using| light track clothing In hot weather

— Immediate rectal temp, cooling and rehydration withiearly.
symptoms “falling out™

Participating Centers

— Army/, Alr Eorce, Parris Island Marine Corps
Noen-Participating Centers

— Gt LLakes, San Diego Marine Corps



Data Collection for Military Recruit Deatis

e Jalk to each PM officer each season
o Visit each training center periodically:
o Obtain list of all deathss

o Eull autepsy protecol & toxicelogy: reviewed

Review of clinical & eyewitness accounts, lan data

Patholegy subspecialty review at AEIP

WBGT from hourly local airstrip records

HIb AS cases completed, 80% of others



Estimate ofi LLIVes Saved by Intervention,
RecruIt Basic Training, 1962-1991

[Number off deaths predicted fromi 1977-81 rates)]

Predicted Observed Difference

Rx & HbAS: 37,000 13 0, 13
Rx & Hb AA: 1.8 Million 19 13 6
Non-Rx & Hh AS: 12,700 4 4 0
Non-Rx & HblAA: 1 Million 10 11 -1



Nen-Participant Exercise-Relatedl Deatis
with Hibr AS

o TThree/four cases occurred during the hot season.

o WBGI was not measured regularly.

o Opportunity fer water drinking was: given

o The DI's didi not erder or witness the victims drinking.

o They did not fellow the major fieatures of our intervention



CONCLEUSIONS-1

Intervention to prevent EHI eliminated the excess:
risk of death for 37,000 recruits with sickle cell trait.

This included prevention of idiepathic sudden deatn,
Implying that EFIfwas aniessential part of these
deaths.

Efifective intervention dees net reguire identification
ofi Hib' AS since curient diagnesis and treatment do
not dififier by hemoglobin type.

T'he efifect of our Intervention on recruits wi/o HbiS
awalits tabulation of pathelegy: review.

Unrecognized exertional heat liness Isian important
preventable factor contributing to Idiepathic and
cardiac sudden deaths.



CONCLUSIONS-2

IHot weather fior 24 hrs hefore collapse Is significantly: asseciated
WIth exercise-related sudden death, wWith' or Without heart
disease.

A study of ER Visits by recruits demonstrated that EHIfwas a
moere common risk factor thanisilent heart disease for events
iequiring ACLS.

\When young adults suiffier exercise-related collapse; heat iliness
IS I the differential diagnosis. A rectal temperature should be
measured and stat lals obtainedl from bloed and urine samples.
[T the patient dies hefore thisiwas done, early post-moertem body.
lemperature and 1als (Vitreous humer ox Uringe) are useful.

Correction of hyper-K, acidosis, other electrolyte nmbalance,
nyperthermia;, hypoglycemia, and volume needs should
accompany ACLS.

Oxygen use shouldl e the same as for patients without Hii'S.



L

CONCLUSIONS-5

Risk of EHI can be reduced during|demanding exercise by:
awareness that risk Increases with' pooer acclimation, poor
conditioning for the planned event, heat retaining| clothing,
ot weather With high humidity, sunlight, lew wind, Iess of;
sleep, dehydration, and heroic effort with disregard for
symptoms. An additional risk for sickle cell trait 1s high
altitude (8,000 fi+) or any. ether cause ofi hypoxemia.

Use of the WBGITT Index and a trainer can helpione: to follow
a Sensible exercise plan.

Aggressive hydration cannot compensate fior maximal

sweating (less upiter 3 L/ar with max fluidiintake at 1.5 L/hr).
Often reduced Intensity: and increased rest cycles are needed,
Sustained consumption: off >1-2 gt per hr may. cause: hypo-Na.

Heat 1liness can occur 1n coldiweather and without thirst,
In the militany, risk fallsiwith time 1 Service.



The Eichner Hyposthesis: Initial
sickle crisis causes ERD

Eichner can recognize a syndrome of muscle sickling crisis in SCT athetes
which responds to oxygen and fluids over 10 to 20 minutes.

With response they can return to competition.

Most ERD with SCT starts with explosive sickling causing sudden death in
minutes.

These personal observations conflict with our planned multiclinician study at
Parris Island

Sickle cell disease rarely if ever produces a muscle crisis syndrome and rhabdo
survivors do not have focal vascular obstruction.

Inhaling oxygen shouldn’t improve O2 transport in the absence of an increased
A-a gradient

He concludes we must identify people with SCT and train them to recognize
prodomal muscle crisis events, stop, and receive Rx

We conclude that we should use preventive measures for everyone and reduce
the pool of people with SCT who develop severe levels of EHI. Screening is
often not necessary



Some Questions-4

1. \What Is the mechanism by Which SCIF Increases
exercise-related mortality?

2. [Does hypoesthenuria have a significant effiect on this
risk?

3. Arge there other genetic variants that contribute to
these unusual events?

4, \Would adjustment off exercise for prior day: heat
Exposure Improve outcome: or Would this be
corrected simply by goed early morning| hydration?

5.  Can we produce guidelines for application te athletes
Who utilize erdinary Weather reports?




Alpha-Tihalassemia Protects Against Exertional
Mortality: withrSickle Cell Trrait

o 30% of Afirican Americans have alpha-thalassemia (2-3ialpha
genes instead of 4). Inithese withisickle cell trait the main
effiect Is to lewer the HIi'S fraction below: 36%) ofi total H.

o Globin monomers are enzymatically destroyed in
RBCs. Beta,-globin is negatively charged, an advantage
over Betas-globin, in competition to form dimers with

alpha—glo%m.

o \We collected! 50 cases of exercise-related death/near death
withisickle cell trait and Hio: S% : we expected 15 cases with
alpha-thalassemia & <36% S

o TWwo cases had Hb S < 36% , Implying about a 7.5-fold
protection for these with alpha thalassemia and suggesting
that deoxy-HbS pelymerization might cause this syndrome.



Alpha-Thalassemia and Exertional Viortality,
wWiithi sickle cell trait

Gupta et al., J Clin Invest 88:1963;, 1991 established
that hypoesthnenuria with ASIIs prevented as alpha glenin
content falls.

| fiound that risk ofi S unexplained by preexisting
disease Increased 8-fold with age for recruits with SCT
DUt there was no age trend: fior recruits w/e SC.

SInce hypoesthenuria alses correlates with age actual
Studies off exercise-risk as a function of hypoesthenuria
are needed. These studies were planned, but we founad
n0e cases hespitalized with EHI'whoe had SCT.

VWe: can’t determine: the efifiects of either alpha thal or
nyposthenuria onirisk of unexplainediexercise-related
deatn.



Numbers of Exercise Related Deaths

withy Sickle Cell IFraiit (SCF) by SERVICE,
IS IVIlruaRy/2 Basichliainmo

197 7-61 1962-616) 1967-94 1992-96) 1997-2001

Army.
Alr Force
Marine Corps

INFZAVAY

TOTAL

*an additional death from SCD occurred in this period



Does Rectal Temperature >106°F Predict Heat Stroke as Defined
by Pl score </=47?

Rectal CNS Level Total
Temperature <5 >3
2> 106 °F 35 36 71
<106 °F 34 363 397

Total 69 399 468
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Cases of Sudden Cardiac Death
with Eeatures off EHI

o Review: off 120/ recrult cases & 50
additional cases offatall EHI w SC i

o Viore than| 15 patients had hyperthermia
OF typical chemical chamnges of
rialkdemyelysis and a sulestantial
Preexisting cardiac Iesion.

o Cardiac stress firom! EHI can provoeke
fatal complications due: ter preexisting
eart disease.

o SUCHIdeatis mIght e preventanie.



Sickle Cell Trait as a Risk Factor for EHI

Patients with sickle cellitrait who have EHI do not dififer in
clinical presentation from these who do net. The location
andlclinical course do not differ initrally. Even for those
with life threatening| complications leaving the ER
features specific to sickle cell trait are rarely seen.

One can rarely ohserve episodes of splenic infarction or renal
papillary necresis With hematura proveked py exercise
among people with sickle cell trait. TThis Is the only.
sickling specific syndrome: I know of. It Is seldom
assoclated with severe EHI, except fior people withisickie
cell disease, Who can have prolenged progressive
complications. EVven at high altitude these complications
are very rarely: life threatening fior people with sickle cell
trait.




Advice te Peoplewith SCI

Afiter becoming well conditioned’, risk off Unexpected
exercise-related deatniis much less, but still
signiificant.

Iihe same precautions should be taken te aveid hereic
effort, to remain conditioned fior any. task, and te
follew: sensible procedures; tor minimize risk of:
EHI at all times.
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Efifect of Sickle Cell Tiralt on Rates of Non-
Eatal Exertional Heat l1lness

Collectediall cases ofi EHI at Parris Island
among African American recrults fior 3 Virs.

Ihe Incidence off EHI was 0.55% of 1,500
ecrults with hemoglobin AS.

I'he incidence ofi EHI was 0.54% ofi 36,325
[ecrults witheut hemoglobin S.

Sickle cell trait didinot appear to alter tihe
sk of non-fatal exertional heat 1liness



Rates of Exertional Heat IlIness

Amoeng Parris Island Recruits 1979-1991
(ExcIlEING 20/ caseswWAfe=tealening complications)

Observed  Population Rate/1000

Mildl & Hb AS 32 5010 6.4
Mild & No Hb S 1609 262728 6.1
Hespitalized & Hibi AS =25 5010 0.40

IHespitalized & No H 'S 225 262728 0.86



Irhe Utility: ofi Screening for SCIi

T'he diagnosis and management ofi EHIFIs identical
for those with or without SCIJ.

While knowledge that ong has SCIF can motivate a
DErsen to better protect themselves from EHI, a
peneficial effiect on behavior o medical outcome
1as not been demoenstrated. SCIF Mortality has
Varned \widely: Irrespective off screening policy.

Iniour prospective: study: 35,0000 Army/. recruits with
SCT completed basic training witheut deatihs 1n
the absence ofi expensive screening| for SCT.




Irhe Utility: ofi Screening for SCIi

The mainjadvantage ofi screening for SCIF would be tie
detection of recruits with unrecognized sickle cell
disease, necause of mildier undisclosed cases.

SInce recruits with SCD: are at high risk of develeping
serious oy fatal sickle crisis episedes; firom mild EHI,
It Would be Impoertant te:complete screening prior: to
any P,

TThe cost of not screening fior SCD: invelves net only the
loss| ofi persennel but the expense ofi Investigations of
hospitalizations and training|deatns. fhese may: have
major legall implications and petentiall Impact upon
the military careers of all training personnel.



Screening for Sickle Cell Trait
and Sickle Cell Disease

1. Sickle cell screen: Place blood drop In
phosphate buffer: Hb S precipitation: high
specificity and sensitivity.

2. CBC - normal for Hb AS, anemia with
Increased RDW for 97% of sickle cell disease.

2. Quantitative Hemoglobin electrophoresis in
alkall.

3. Reticulocyte count elevated in 97%+ of SCD
but normal in uncomplicated Hb AS.



Exertional Heat Illness as a Risk Factor
for T hreatened or Actual Sudden; Death

Cardiovasecular events 7 (2d) 4 (4d)
Pepulation at risk 137 267,000
Case Rate 5,196 0.0015%

Relative Risk 3,400 1 (ref)



Etielogy of Exercise-Related [Deatis

Kark JA & Ward EF Semin Hematoel 1994; 31:181-225
van Campi SR et al. IVied! Seil Sports ExerC 1995;27:641-7

Military: Athletes

Explained Cardiac Death 4490

Explained non-Cardiac Death 6%

Exertional Heat lliness 2.17%
ldiopathic Sudden: Death 2.3%
Sickle Celll Tirait 20%

75% (73)
3% (5)
1% (15)
12% (5)

0.2% (5)



Percent off Exercise Related Recrurt Deaths
EXposed to Supstantiall IHeat Stirress

(Same or Prior Day WEGHF = 75°F)

Odds Ratio
1
o I 7
(NI= 19) ’ |
EHI 16
(NI = 15) ’ |
ISD 9]
(N=15) ||
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(N = 39) ]I
Control 1
(N=18) |2
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Cases of Sudden Cardiac Death
with Eeatures off EHI

o Review: off 120/ recrult cases & 50
additional cases offatall EHI w SC i

o Viore than| 15 patients had hyperthermia
OF typical chemical chamnges of
rialkdemyelysis and a sulestantial
Preexisting cardiac Iesion.

o Cardiac stress firom! EHI can provoeke
fatal complications due: ter preexisting
eart disease.

o SUCHIdeatis mIght e preventanie.



Objectives

o 1. Analyze autopsy-determined specific mortality rates ofi a defined
recruit population to determine whether sickle cell trait (Hb AS) s a risk
fiactor for death from exertional heat iliness (EHI).

» 2. Describe major risk factors for non-fatal EHIlamoeng a defined recruit
pepulation.

3. Determine the contribution of EHI to life-threatening cardievascular
complications of exercise among the same recruit population for non-Hb
S and Hb AS recruits.

» 4. Interpret results ofi a controlled prospective intervention to prevent
EHI on exercise-related mortality of recruits withr or witheut Hib AS.

*5. Provide practical recommendations for the safer management of

exercise by young adults with or without HBAS.



Implications firom: Sickle Cell Trait for
Exercise-lnduced Heat Illness:
Policies to Prevent Exercise-Related Death

iHoward University Center for Sickle Cell Disease
Unifermed Services University ofi the Health Sciences
Walter Reed Army Medical Center
Armed Eorces Institute ofi Patholegy



Screening for Sickle Cell Trait
and Sickle Cell Disease

1. Sickle cell screen: Place blood drop In
phosphate buffer: Hb S precipitation: high
specificity and sensitivity.

2. CBC - normal for Hb AS, anemia with
Increased RDW for 97% of sickle cell disease.

2. Quantitative Hemoglobin electrophoresis in
alkall.

3. Reticulocyte count elevated in 97%+ of SCD
but normal in uncomplicated Hb AS.



Key. PoInts

can| eceur In cool Weather
can eceur without high body: temperature

may. reflect severe iliness

must be closely moenitered
early rapid cooeling essential

eanly’ & aggressive: 1\ therapy:

have higher risk of death



Clinical Features of Sickle Cell Disease

Hemolytic anemia & other types of anemia

« Median Hb about 8 g/dL w intra-vascular component,
Acute anemia: folate depletion, Parvovirus B19 & other
Infection, splenic sequestration, high rate of delayed txn
rxns, G6PD deficiency, chronic: low EPO, iron deficiency

Infectious complications

* Bacteremia/meningitis w encap’d organisms (esp <5 yrs),
pneumonia, Osteomyelitis (Salmonella, Staph aureus),
Urinary tract infections, port infections

Vaso-occlusive pain episodes

Cholelithiasis: salmonella carriage, stones
Vasoconstriction from low NO: Pulm HTN, skin ulcers
Thrombotic and hemorrhagic strokes

Chronic organ damage

Increased mortality






Screening for Sickle Cell Trait
and Sickle Cell Disease

Sickle cell screen: Place blood drop in phosphate
buffer: Hb S precipitation: high specificity and
sensitivity.

CBC - normal for Hb AS, anemia with increased
RDW for 97% of sickle cell disease.

Quantitative Hemoglobin electrophoresis in alkali.

Reticulocyte count is elevated in 99%+ of SCD
out normal in uncomplicated Hb AS.

Rarely right to left cardiac shunts or increased
BPG confer a disease phenotype with Hb AS




How do we prove that a medical complication
was caused by “sickling” from Hb AS?

* At biopsy or autopsy agonal hypoxia may cause
extensive sickling despite no causal role.

* We must show a significant relative risk for
people with Hb AS versus those w/o Hb S from
the same population.

 Since alpha-thalassemia reduces Hb S, a decrease
In rate or severity of a complication as the
number of alpha genes decrease implies
quantitative dependence of a complication upon
the amount of deoxy Hb S.

 Proof applies to populations not to individuals.
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